DHS survey data are available from the DHS Program (<https://dhsprogram.com/>), and all other study data are included in the paper and its Supporting Information files.

Introduction {#sec007}
============

Education and health are both aspects of human capital that enable people to earn higher wages \[[@pmed.1003054.ref001]\] and enhance people's capabilities to lead fulfilling lives. A better understanding of how these different capabilities are produced together could point to opportunities to help synergistically reduce the wide disparities in health and education across populations \[[@pmed.1003054.ref002]--[@pmed.1003054.ref007]\]. In 1990, a Human Development Index (HDI) was developed as an alternative to the traditional unidimensional economic measure of development (e.g., the gross domestic product \[GDP\] \[[@pmed.1003054.ref008]\]) and was initially calculated as the arithmetic mean of normalized values of life expectancy, educational attainment, and income \[[@pmed.1003054.ref009]\]. More recently, in 2010, the geometric mean was introduced to compute the HDI, which reduced the level of substitutability between dimensions (i.e., a low achievement in one dimension could no longer be linearly compensated for by a high achievement in another dimension). Nevertheless, while the current HDI sets out to measure the development of 'members of a society,' it does not take into account the full distribution and co-distribution of the different human capabilities within a country. The HDI has largely remained a national aggregate index, rather than a measure of development at the subnational or household level, and does not fully encompass within-country distributions. Furthermore, the HDI considers life expectancy, as opposed to other measures of health that may be more sensitive to socioeconomic inequalities.

A few studies have aimed to calculate an HDI for subnational units---including by within-country income groups \[[@pmed.1003054.ref010],[@pmed.1003054.ref011]\], and internal migration status \[[@pmed.1003054.ref012]\]---using household-level data for multiple low- and middle-income countries (LMICs) \[[@pmed.1003054.ref013]--[@pmed.1003054.ref016]\]. One challenge with calculating health or mortality outcomes at the subnational or household level is that there may be limitations due to small sample size and limited variation without a continuous variable (i.e., in most households either none, one, or two members died, resulting in household mortality rates clustered around 0 or values such as 0.50). To address this issue, a handful of studies have calculated mortality rates using imputation methods. One study, for instance, used Demographic and Health Surveys (DHS) data to impute child mortality by regressing child mortality on household and community socioeconomic characteristics, applying life table systems \[[@pmed.1003054.ref017]\] to estimate household-specific life expectancy at birth and subsequently calculating a health index using estimated life expectancy for each household \[[@pmed.1003054.ref013]\].

In this study, we aim to make 2 contributions to the literature on human development and capabilities, taking the illustrative example of under-five mortality. First, we used nationally and regionally representative individual-level data from 55 LMICs to show current patterns as well as trends in human capabilities at the national and subnational level. Second, we used under-five mortality, maternal educational attainment, and household wealth as our measures of health, education, and wealth, respectively, to introduce a novel child-based capability index (i.e., a child-based version of the HDI). The premise of the study was not to replace existing measures of human development but rather to explore measures that are particularly sensitive to population-level social and economic inequalities and that are likely to be highly policy relevant \[[@pmed.1003054.ref018]--[@pmed.1003054.ref020]\]. In doing so, this study aimed to compute a child-based capability index that is straightforward to implement as a summary metric for decision-makers seeking to bolster human capabilities in the post-2015 development era and could be easily adapted to other indicators, populations, and settings.

Methods {#sec008}
=======

We developed the case study of a child-based capability index, and in this section, we present the main steps underlying its construction, which we then illustrate by the application to a selection of LMICs for which household survey data were available. There was a written prospective protocol for the study ([S1 File](#pmed.1003054.s002){ref-type="supplementary-material"}), which was adapted in response to peer review comments to further clarify our methodological approach and results. This study is reported as per the REporting of studies Conducted using Observational Routinely-collected Data (RECORD) guideline ([S1 Checklist](#pmed.1003054.s001){ref-type="supplementary-material"}).

Data sources and sample population {#sec009}
----------------------------------

To illustrate the computation of our child-based capability index, we extracted data on age, sex, geographical location of household, under-five survival, maternal educational attainment, and household wealth from 2 DHS surveys (one carried out during the 2010s and, when available, one carried out during the 2000s) for 55 LMICs. A key advantage of the DHS is the availability of comparable data for multiple countries and consistent quality of reporting and data over time \[[@pmed.1003054.ref021]\]. The country and survey selections were chosen to be illustrative rather than exhaustive: our aim was to include a mix of LMICs for which nationally and regionally representative data on our outcomes were available (our approach could easily be reproduced to a larger number of countries and years). The countries included in our analysis are listed in [Table 1](#pmed.1003054.t001){ref-type="table"}. For each survey, the DHS birth recode files provide a full birth history of all women interviewed during the survey and include data for the mother of each child \[[@pmed.1003054.ref021]\]. In DHS surveys, the birth history data are typically collected from all women ages 15 to 49 years. We included all children born in a household surveyed by the DHS and for whom complete data on under-five survival status, maternal education, and household assets (wealth) were available. In our main analysis, we included under-five survival data for all children born in the past 10 years preceding the survey. We considered alternative sample specifications in sensitivity analyses described below.

10.1371/journal.pmed.1003054.t001

###### Selected characteristics of study countries.

![](pmed.1003054.t001){#pmed.1003054.t001g}

  Country                  Survey year   Under-five children (number)   Under-five mortality (per 1,000)   Maternal schooling (mean number of years)
  ------------------------ ------------- ------------------------------ ---------------------------------- -------------------------------------------
  *Country*                                                                                                 
      Afghanistan          2015--2016    66,306                         57                                 1.0
      Albania              2017--2018    5,811                          6                                  12.0
      Angola               2015--2016    25,598                         67                                 4.2
      Armenia              2015--2016    3,515                          10                                 11.9
      Bangladesh           2014          16,792                         51                                 5.3
      Benin                2017--2018    25,343                         88                                 1.8
      Burkina Faso         2010          29,644                         125                                0.8
      Burundi              2016--2017    25,495                         71                                 2.7
      Cambodia             2014          14,616                         44                                 4.5
      Cameroon             2011          22,195                         110                                4.7
      Chad                 2014--2015    37,925                         127                                1.6
      Colombia             2015          24,407                         17                                 9.4
      Comoros              2012          6,091                          47                                 3.7
      Congo, Dem. Rep.     2013--2014    34,290                         95                                 5.1
      Congo, Rep.          2011--2012    17,221                         66                                 7.1
      Côte d\'Ivoire       2011--2012    14,903                         102                                2.0
      Dominican Republic   2013          7,184                          33                                 9.8
      Egypt, Arab Rep.     2014          29,661                         29                                 8.3
      Ethiopia             2016          21,606                         73                                 1.5
      Gabon                2012          11,182                         56                                 7.5
      Gambia, The          2013          14,983                         52                                 2.9
      Ghana                2014          11,430                         61                                 5.6
      Guatemala            2014--2015    24,263                         36                                 4.6
      Guinea               2012          14,081                         115                                1.2
      Haiti                2016--2017    13,144                         74                                 5.3
      Honduras             2011--2012    21,070                         31                                 4.5
      India                2015--2016    536,386                        49                                 5.7
      Indonesia            2012          36,714                         39                                 8.8
      Jordan               2012          20,346                         20                                 11.1
      Kenya                2014          42,847                         50                                 7.4
      Kyrgyz Republic      2012          7,685                          30                                 12.1
      Lesotho              2014          6,026                          84                                 7.6
      Liberia              2013          15,515                         97                                 3.4
      Malawi               2015--2016    34,598                         65                                 5.2
      Maldives             2016--2017    6,319                          19                                 9.6
      Mali                 2012--2013    19,863                         91                                 1.0
      Mozambique           2011          20,640                         93                                 2.8
      Namibia              2013          9,433                          52                                 8.3
      Nepal                2016          10,402                         43                                 4.0
      Niger                2012          25,117                         124                                0.7
      Nigeria              2013          61,629                         121                                4.4
      Pakistan             2017--2018    25,677                         73                                 3.9
      Peru                 2012          19,600                         22                                 8.7
      Philippines          2017          22,158                         26                                 10.2
      Rwanda               2014--2015    15,876                         55                                 4.2
      Senegal              2017          23,895                         52                                 2.2
      Sierra Leone         2013          24,348                         156                                1.8
      South Africa         2016          6,994                          48                                 10.4
      Tajikistan           2017          11,190                         30                                 10.0
      Tanzania             2015--2016    19,260                         67                                 5.3
      Timor-Leste          2016          14,387                         37                                 6.7
      Togo                 2013--2014    13,931                         81                                 3.1
      Uganda               2016          30,086                         64                                 5.7
      Zambia               2013--2014    26,180                         69                                 5.8
      Zimbabwe             2015          11,314                         74                                 8.9
  *Global average*         \-            30,000                         63                                 5.6

Table 1 shows study countries and most recent DHS survey years included, as well as under-five mortality (per 1,000 live births) and maternal schooling (years) at the national level for each survey. Under-five mortality was calculated using a binary variable indicating whether the child was alive or not at age 5 years at the time of the survey using data on all children born in the past 10 years in a household surveyed by the DHS and for whom complete data on survival status, maternal education, and household wealth were available. Additional details on the construction of outcomes and sensitivity analyses are presented in the main text and [S1 Text](#pmed.1003054.s003){ref-type="supplementary-material"} and [S2 Text](#pmed.1003054.s004){ref-type="supplementary-material"}. Survey year indicates the year(s) in which data collection for the survey was carried out. Survey sample weights were used as provided by the DHS.

**Abbreviation:** DHS, Demographic and Health Surveys

Underlying outcome variables: Health, education, and wealth {#sec010}
-----------------------------------------------------------

We built on the HDI approach, therefore we assembled 3 similar components towards construction of a child-based capability index. First, we selected maternal educational attainment, calculated as the highest grade or level of formal schooling attained (years of schooling) by the mother of the child ('Edu'). We used maternal education as opposed to average household or paternal education, since maternal education is a strong marker of child health, reflects gender disparities across households in accessing formal education, and is commonly available across surveys in LMICs \[[@pmed.1003054.ref018],[@pmed.1003054.ref022],[@pmed.1003054.ref023]\]. Second, we selected a child's household wealth index, ranging from 1 to 5 (5 being the wealthiest) ('Wealth'). Wealth quintile is a measure of household wealth relative to other households across countries (for national comparisons) or within-countries (for subnational comparisons) \[[@pmed.1003054.ref024],[@pmed.1003054.ref025]\] and is based on ownership of household assets and quality of the dwelling \[[@pmed.1003054.ref026]\]. The same household wealth quintile was assigned to all children living in the household surveyed by the DHS, and maternal educational attainment was assigned to all children from her birth history. Third, we created a binary variable indicating whether the child was alive or not at age 5 years at the time of the survey ('U5S'): under-five survival would mean a higher score on all 3 components would be considered positive ([S1 Fig](#pmed.1003054.s005){ref-type="supplementary-material"}). We avoided the use of imputation in generating all 3 outcome variables. Additional details on outcomes and sensitivity analyses are provided in [S1 Text](#pmed.1003054.s003){ref-type="supplementary-material"} and [S2 Text](#pmed.1003054.s004){ref-type="supplementary-material"}.

Analysis {#sec011}
--------

Our analysis proceeded in 4 steps. First, under-five survival rates at the subnational level were computed. To increase the number of observations in each (administrative unit) cell, we calculated under-five survival, maternal educational attainment, and household wealth by the first-level administrative unit available in each DHS. The first-level administrative units considered include, for instance, regions (the Philippines) and provinces (Afghanistan) as well as states and union territories (India). The aggregate estimate for each component was derived from individual-level data by averaging over individuals in a given subnational administrative unit (${\overline{Survival}}_{c,u}$, ${\overline{Education}}_{c,u}$, and ${\overline{Wealth}}_{c,u}$) in which ${\overline{Survival}}_{c,u}$ represented the proportion of children in country-year *c* and administrative unit *u* who survived and ${\overline{Education}}_{c,u}$ and ${\overline{Wealth}}_{c,u}$ represented the average maternal educational attainment and wealth quintile in that group. For most DHS surveys, averages at these subnational levels provided regionally representative estimates. We used DHS survey sample weights to generate representative samples. Average sample size per country in our study was 30,000 children across 12 first-level administrative units ([Table 1](#pmed.1003054.t001){ref-type="table"}).

Second, we graphically analyzed under-five survival, education, and wealth. To do so, we plotted contour maps (akin to heat maps), in which we displayed *z* (under-five survival) as filled contours in (*x* = wealth, *y* = education). We show three-dimensional data where under-five survival of the sample was represented by the color so that points with equal under-five survival in the graph have the same color. For each *z* value of under-five survival, we had a position for the 2 other *x* and *y* components of wealth and maternal education, respectively. Figures were generated using the 'twoway contour' command in Stata MP 15.1 (College Station, TX), which displays *z* as filled contours in (*x*, *y*), using the default thin-plate-spline interpolation method \[[@pmed.1003054.ref027]\]. To increase the resolution of the heat maps, we set the range in levels of under-five survival to 10. For visualization purposes, we normalized the range of each of the 3 components (rescaled from 0 to 1) as follows: $${{Normalized}\ {Indicator}}_{c,u} = \frac{{Indicator}_{c,u}–{Indicator}_{c,u}^{\min}}{{Indicator}_{c,u}^{\max}–{Indicator}_{c,u}^{\min}}$$

To examine time trends in under-five survival by maternal educational attainment and wealth, we show results for selected countries with first- or second-level administrative boundaries that have remained largely consistent over the study period (2000s to 2010s). To further increase the resolution of the heat maps, we used the lowest available administrative unit that is consistently available across the DHS country surveys (either first- or second-level administrative units). As an example, we show child health along the development spectrum for the 36 second-level administrative units (states) and the Federal Capital Territory (FCT) of Nigeria---rather than aggregating by first-level administrative units---in 2003 and in 2013. This approach allowed us to examine subnational shifts in child health for selected countries across the development spectrum and over time during the final run-up towards the Millennium Development Goals.

Third, we calculated a summary metric for the child-based capability index, as the geometric mean of the 3 normalized components (see [Eq 2](#pmed.1003054.e008){ref-type="disp-formula"} below). While the geometric mean has been commonly used to summarize aggregate measures of human development, it has been applied infrequently to individual-level data from population-based surveys \[[@pmed.1003054.ref013]\]. We computed the child-based capability index at the national level for all 55 countries *c* and first-level administrative units *u*. When calculating the child-based capability index at the national level, we normalized the range of each component (rescaled from 0 to 1) using data on the minimum and maximum values across countries (akin to [Eq 1](#pmed.1003054.e007){ref-type="disp-formula"}). When calculating the child-based capability index at the regional level for all countries, we used first-level administrative units (as opposed to second-level administrative units) because (i) data on first-level administrative units were available for all countries in the DHS, whereas this was not the case for lower-level administrative units; (ii) for most DHS surveys, averages at these subnational levels provided regionally representative estimates; and (iii) the components of our index can be estimated precisely using a large number of observations for first-level administrative units. When calculating the index at the regional level, we also estimated the mean across first-level administrative units *u* in each country and the corresponding standard deviations (SDs) to provide an estimate of within-country variation: $$Capability\ Index_{c,u} = \sqrt[3]{U5S_{normalized,c,u}*Edu_{normalized,c,u}*Wealth_{normalized,c,u}}.$$

Fourth, showing results for geographical regions may improve the usability and interpretation of our approach and may point decision-makers to more targeted efforts to increase child-based capabilities in at-risk regions. We therefore plotted the child-based capability index, as calculated in [Eq 2](#pmed.1003054.e008){ref-type="disp-formula"}, for geographical regions. Since a geographical analysis for all 55 countries would be a relatively large undertaking, we show results for a selected country. To illustrate within-country variation, we used individual-level child data from the DHS of the Philippines of 2017 (*N* = 22,158 children). After constructing the child-based capability index for each geographical region of the Philippines, we grouped regions in 10 groups of similar size (deciles) based on their index values. We then mapped the index for each of the deciles using a base map with geographic boundaries of the Philippines provided by Natural Earth (<https://www.naturalearthdata.com/>).

Sensitivity analyses {#sec012}
--------------------

We conducted a range of sensitivity analyses to test the robustness of our findings. First, child survival is reported through birth histories of mothers in the DHS, which may be affected by recall bias. We therefore included alternative specifications including all children born within the past 5 years of the survey (instead of children born within the past 10 years), as well as the full birth history of children. Second, we used alternative definitions for the index components. We used infant survival (defined as survival within the first year of birth) as opposed to under-five survival. We also restricted the sample to children of mothers aged 15 to 30 years because recent changes in the education sector would be reflected in younger rather than older women cohorts. Third, we used the arithmetic mean (as opposed to the geometric mean) to calculate the child-based capability index \[[@pmed.1003054.ref028]\]. Fourth, in our main approach, the normalization of our component values into a 0-to-1 range was done relative to the minimum and maximum values across countries (for national comparisons) or administrative units within countries (for subnational comparisons). We constructed a subindex for each component based on alternative 'goalpost' (reference) values. For instance, we used maternal educational attainment of 15 years as a reference value \[[@pmed.1003054.ref029]\]. Fifth, in our main analysis, we constructed a measure of wealth that allowed comparisons of the child-based capability index across countries \[[@pmed.1003054.ref026],[@pmed.1003054.ref030]\]. As a sensitivity analysis, we present results using the DHS-provided wealth index \[[@pmed.1003054.ref021]\]. The wealth index built into the DHS takes into account country-specific differences, and this approach can be extended in a straightforward manner by others seeking to replicate our work. Sixth, we compared our child-based capability index with other commonly used indices at both the national and subnational level. At the national level, for instance, we compared our child-based capability index to the HDI, the World Bank's Human Capital Index \[[@pmed.1003054.ref031]\], and the Socio-Demographic Index developed by the Global Burden of Disease study \[[@pmed.1003054.ref032]\]. Additional details on sensitivity analyses are provided in [S2 Text](#pmed.1003054.s004){ref-type="supplementary-material"}.

Data and ethics {#sec013}
---------------

This was a complete case analysis, and all analyses were conducted in Stata MP 15.1 (College Station, TX). DHS survey data are available from the DHS Program (<https://dhsprogram.com/>), and all other study data are included in the paper and its supporting files. This study was preregistered and approved by the Heidelberg University Hospital Ethics Committee (S-271/2019). DHS survey protocols were also approved by country-specific Institutional Review Boards.

Results {#sec014}
=======

In [Table 1](#pmed.1003054.t001){ref-type="table"}, we show average under-five mortality and maternal educational attainment at the national level for the most recent survey for all 55 countries. Under-five mortality ranged from 6 reported deaths per 1,000 live births in Albania to 156 reported deaths per 1,000 live births in Sierra Leone. Maternal educational attainment ranged from 0.7 years (average) in Niger to 12.1 years in Kyrgyz Republic.

In [S1 Table](#pmed.1003054.s009){ref-type="supplementary-material"}, we show under-five mortality, maternal education, and household wealth for each first-level administrative unit for the countries included in our study (e.g., provinces, regions, and states and union territories). We find large heterogeneity not only across countries but also within countries. Average under-five mortality in Afghanistan ranged from 4 reported deaths per 1,000 live births in Helmand province to 150 reported deaths per 1,000 live births in Nuristan province. Similarly, in India, average maternal educational attainment ranged from 3.0 years of schooling in Bihar to 11.8 years of schooling in Kerala.

In [Fig 1](#pmed.1003054.g001){ref-type="fig"}, we display normalized under-five survival, maternal education, and household wealth ranging from 0 (worst) to 1 (best) for selected countries. The different components were calculated at the subnational level. The color in the figure indicates the level of under-five survival. We show results separately by country as well as over time between the 2000s and 2010s to examine progress during the study period using the lowest available administrative units that have remained consistent over the study period (either first or second level). We find substantial heterogeneity in progress in improving child health over time. In Nigeria, for instance, we find relatively strong progress in child health across the development spectrum between the 2000s and 2010s. We also find large heterogeneity in the location of 'red zones' of low under-five survival within a country. In Malawi in the 2000s, for instance, poor child health (red zones in the figure) was concentrated in areas with relatively high on average levels of household wealth. In contrast, by the 2010s, low under-five survival was largely concentrated in areas with on average poorer households.

![Child-based capabilities in LMICs, 2000--2017.\
Fig 1 shows 3 axes, including health (under-five survival), wealth (household wealth), and education (maternal education), using 2 DHS surveys (2000s and 2010s), separately for each country. Under-five survival is represented by the color (blue being high survival and red being low survival) so that points with equal under-five survival in the graph have the same color. For each *z* value of under-five survival, there is a position for the 2 other *x* and *y* components of wealth and education, respectively. The range of the 3 components was normalized (rescaled from 0 to 1) using data on the minimum and maximum values across administrative units within countries. Additional details on the components and sensitivity analyses are presented in the main text and [S1 Text](#pmed.1003054.s003){ref-type="supplementary-material"} and [S2 Text](#pmed.1003054.s004){ref-type="supplementary-material"}. DHS, Demographic and Health Surveys; LMIC, low- and middle-income country.](pmed.1003054.g001){#pmed.1003054.g001}

In [Table 2](#pmed.1003054.t002){ref-type="table"} (column 3), we show results for our calculations for a child-based capability index at the national level, where countries are ranked by their score on the index. We find that Albania had the highest index in our analysis (0.755; with mean across first-level administrative units = 0.603; SD 0.089), while Niger had the lowest index (0.140; with mean across first-level administrative units = 0.277; SD 0.114). The average score across all 55 countries in our study was 0.466.

10.1371/journal.pmed.1003054.t002

###### Countries ranked by child-based capability index.
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  Country                  Survey year   National child-based capability index   First-level administrative units                   
  ------------------------ ------------- --------------------------------------- ---------------------------------- ------- ------- -------
  *Country*                ** **         ** **                                   ** **                              ** **   ** **   ** **
      Albania              2017--2018    0.755                                   Counties                           12      0.603   0.089
      Jordan               2012          0.739                                   Regions                            3       0.625   0.021
      Maldives             2016--2017    0.715                                   Provinces                          6       0.572   0.111
      Dominican Republic   2013          0.700                                   Regions, capital                   9       0.520   0.061
      Colombia             2015          0.682                                   Regions                            6       0.596   0.099
      Armenia              2015--2016    0.681                                   Divisions                          11      0.619   0.083
      Philippines          2017          0.665                                   Regions                            17      0.553   0.102
      Kyrgyz Republic      2012          0.663                                   Regions, capital                   9       0.646   0.111
      South Africa         2016          0.655                                   Provinces                          9       0.640   0.070
      Egypt, Arab Rep.     2014          0.651                                   Regions                            6       0.621   0.135
      Indonesia            2012          0.644                                   Provinces                          33      0.557   0.106
      Peru                 2012          0.603                                   Regions, capital                   25      0.554   0.132
      Tajikistan           2017          0.589                                   Regions, capital                   5       0.622   0.109
      Gabon                2012          0.561                                   Provinces, cities                  10      0.481   0.104
      Namibia              2013          0.516                                   Regions                            13      0.539   0.097
      Honduras             2011--2012    0.515                                   Departments                        18      0.466   0.101
      Timor-Leste          2016          0.500                                   Municipalities                     13      0.491   0.092
      Zimbabwe             2015          0.496                                   Provinces, cities                  10      0.566   0.107
      Ghana                2014          0.481                                   Regions                            10      0.451   0.172
      Guatemala            2014--2015    0.467                                   Regions                            8       0.457   0.110
      India                2015--2016    0.467                                   States, union territories          36      0.557   0.119
      Cambodia             2014          0.449                                   Regions, capital                   19      0.444   0.092
      Congo, Rep.          2011--2012    0.448                                   Departments                        12      0.425   0.129
      Lesotho              2014          0.441                                   Districts                          10      0.534   0.091
      Angola               2015--2016    0.437                                   Provinces                          18      0.374   0.086
      Pakistan             2017--2018    0.428                                   States, territories, capital       6       0.419   0.189
      Kenya                2014          0.415                                   Provinces                          8       0.520   0.168
      Nepal                2016          0.394                                   Provinces                          7       0.520   0.116
      Comoros              2012          0.390                                   Islands                            3       0.399   0.099
      Nigeria              2013          0.378                                   Zones                              6       0.498   0.180
      Haiti                2016--2017    0.373                                   Departments, capital               11      0.486   0.080
      Zambia               2013--2014    0.368                                   Provinces                          10      0.471   0.110
      Togo                 2013--2014    0.367                                   Regions, capital                   6       0.398   0.139
      Gambia, The          2013          0.365                                   Local government areas             8       0.370   0.153
      Senegal              2017          0.355                                   Regions                            14      0.302   0.112
      Bangladesh           2014          0.354                                   Divisions                          7       0.501   0.045
      Cameroon             2011          0.347                                   Regions, capital                   12      0.529   0.169
      Tanzania             2015--2016    0.335                                   Regions                            30      0.524   0.097
      Uganda               2016          0.326                                   Regions                            15      0.464   0.137
      Côte d\'Ivoire       2011--2012    0.316                                   Districts                          11      0.321   0.097
      Liberia              2013          0.308                                   Regions, subregions                5       0.372   0.107
      Benin                2017--2018    0.288                                   Departments                        12      0.371   0.116
      Congo, Dem. Rep.     2013--2014    0.271                                   Provinces                          11      0.498   0.102
      Malawi               2015--2016    0.268                                   Regions                            3       0.501   0.057
      Rwanda               2014--2015    0.267                                   Provinces                          5       0.468   0.096
      Afghanistan          2015--2016    0.262                                   Provinces                          34      0.260   0.091
      Mozambique           2011          0.260                                   Provinces, capital                 11      0.435   0.131
      Guinea               2012          0.222                                   Regions                            8       0.280   0.126
      Sierra Leone         2013          0.205                                   Provinces                          4       0.364   0.139
      Mali                 2012--2013    0.193                                   Regions, capital                   6       0.295   0.132
      Burundi              2016--2017    0.191                                   Provinces                          18      0.411   0.096
      Burkina Faso         2010          0.174                                   Regions                            13      0.251   0.101
      Ethiopia             2016          0.159                                   Regions, chartered cities          11      0.345   0.152
      Chad                 2014--2015    0.158                                   Regions                            21      0.269   0.109
      Niger                2012          0.140                                   Regions, capital                   8       0.277   0.114
  *Global average*         *-*           0.425                                   Units                              12      0.466   0.111

Table 2 shows the child-based capability index at the national level (column 3) and corresponding within-country variation (columns 6 and 7). The index was calculated using the geometric mean of under-five survival (1 minus under-five mortality), maternal schooling (years), and household wealth index (quintiles). Each of the 3 components of the national-level child-based capability index was based on data from the entire study population (column 3). The range of each component was normalized (rescaled from 0 to 1) using data on the minimum and maximum values across countries (for national comparisons) or first-level administrative units within countries (for subnational comparisons). DHS surveys are typically representative at the regional level or groups of regions. Survey year indicates the year(s) in which data collection for the survey was carried out.

**Abbreviations:** DHS, Demographic and Health Surveys; n\_*DHS*, number of first-level administrative units available in the DHS; SD, standard deviation

In [Table 2](#pmed.1003054.t002){ref-type="table"} (column 6) and [S1 Table](#pmed.1003054.s009){ref-type="supplementary-material"} (column 6), we show within-country variations in the child-based capability index. We identified large variation across states and union territories in India, for instance, where the index ranged from 0.294 in Bihar to 0.783 in Kerala (mean = 0.557; SD 0.119). Conversely, we identified relatively little variation across first-level administrative units in Bangladesh, the Dominican Republic, and Nepal. In Bangladesh, the index ranged from 0.425 in Sylhet Division to 0.547 in Chittagong Division (mean = 0.501; SD 0.045). In [Fig 2](#pmed.1003054.g002){ref-type="fig"}, we map results for the child-based capability index at the subnational level for geographical regions. We display results for the Philippines, as an illustrative example, where the child-based capability index ranged from 0.323 in the Autonomous Region in Muslim Mindanao (shown in dark red on the map) to 0.760 in the National Capital Region (NCR) (shown in dark blue).

![Mapping regional variation in child-based capabilities.\
Fig 2 shows the child-based capability index across first-level administrative units in the Philippines. Source: authors' calculations using child data from the Philippines DHS (2017) and a base map provided by Natural Earth (<https://www.naturalearthdata.com/>) (*N* = 22,158). DHS, Demographic and Health Surveys.](pmed.1003054.g002){#pmed.1003054.g002}

Our results were generally consistent across sensitivity analyses, including when using alternative outcomes, goalpost values, and sample specifications ([S2 Fig](#pmed.1003054.s006){ref-type="supplementary-material"}, [S3 Fig](#pmed.1003054.s007){ref-type="supplementary-material"}, and [S2 Table](#pmed.1003054.s010){ref-type="supplementary-material"}). Potential concerns such as limited sample size, recall bias among mothers, and our methodological approach to calculate under-five mortality are unlikely to substantially affect our main findings. In [S3 Table](#pmed.1003054.s011){ref-type="supplementary-material"} and [S4 Table](#pmed.1003054.s012){ref-type="supplementary-material"}, we present results for side-by-side comparisons with other indices. We find that the correlation with our child-based capability index was highest for the Socio-Demographic Index and lowest for the Human Capital Index (Pearson's correlation coefficients = 0.96 and 0.84, respectively; *p*-values for tests of independence \< 0.01).

Discussion {#sec015}
==========

Using nationally and regionally representative data from 1,657,194 children, this retrospective analysis makes a number of contributions to our understanding of where human capabilities are produced jointly \[[@pmed.1003054.ref033]\]. First, we find substantial heterogeneity in child health across countries as well as within countries and over time. At the national level, the child-based capability index was highest in Albania and lowest in Niger. At the subnational level, geographical areas of low under-five survival existed in expected areas---i.e., areas with relatively low levels of average maternal educational attainment and household wealth---as well as in unexpected areas along the development spectrum (displayed as 'red zones' in [Fig 1](#pmed.1003054.g001){ref-type="fig"}). Second, our study shows trends in child health over time. We find improvements over time overall between 2000 and 2017, although this is not the case for all countries included in our study. In Cambodia and Nigeria, for instance, under-five survival improved in geographical areas at most levels of average maternal educational attainment and household wealth, whereas in Peru and the Philippines, for instance, under-five survival was distributed relatively consistently over time. Third, our analysis reveals changes in the location of areas of low under-five survival both along the development spectrum within countries and over time. In Egypt and Malawi, for instance, low under-five survival shifted from areas with on average wealthier households to areas with on average poorer households. In contrast, in the Philippines, the consistent location of areas of poor child health across both the development spectrum and over time may indicate areas of chronic deprivation among populations at risk. These areas may indicate within-country poverty traps and require alternative policy approaches to improving child health.

While child health was generally better in wealthier areas, we identified a number of areas of poor child health with relatively high average levels of human capital. In Egypt and Peru, for instance, low under-five survival was observed in areas with high levels of educational attainment (upper left corner in [Fig 1](#pmed.1003054.g001){ref-type="fig"}), in particular for girls under five (see [S4 Fig](#pmed.1003054.s008){ref-type="supplementary-material"} for results disaggregated by a child's sex in Egypt and Peru) \[[@pmed.1003054.ref034]\]. Although this finding appears counterintuitive, a growing literature suggests mixed child health returns to additional years of maternal schooling \[[@pmed.1003054.ref035]--[@pmed.1003054.ref038]\]. A recent systematic review examined evidence for a causal link between maternal education and child health and found that parental schooling may play a more muted role in parents' decisions about whether and how much to invest in their children's health than previously suggested \[[@pmed.1003054.ref039]\]. Moreover, even well-educated parents seeking to correct common health risks in their children may lack access to high quality primary healthcare services or face high out-of-pocket expenditures \[[@pmed.1003054.ref040]\]. There may also be threshold levels to see an effect of parental schooling on child health outcomes (e.g., primary schooling alone may not be enough to see a protective effect on child health). One reason for threshold levels may be overcrowding or poor quality of instruction at lower school levels \[[@pmed.1003054.ref041]\].

One challenge with calculating child mortality outcomes, however, is that there is limited variation at the household level (since in most households either none, one, or two children died, resulting in household mortality rates clustered around 0 or values such as 0.50). Prior studies have therefore regressed child mortality on household and community socioeconomic characteristics, applied life table systems to estimate household-specific life expectancy at birth, and calculated a health index using the estimated life expectancy for each household \[[@pmed.1003054.ref013]\]. Our approach relied on fewer assumptions and is methodologically straightforward to extend to other indicators, populations, and settings \[[@pmed.1003054.ref042]\]. We illustrated it with a limited number of countries, though it can easily be reproduced in other contexts using, for instance, Multiple Indicator Cluster Surveys (MICS) data \[[@pmed.1003054.ref043]\]. Likewise, it can be replicated with alternative outcomes (e.g., child growth failure \[[@pmed.1003054.ref044]--[@pmed.1003054.ref046]\]) to examine progress along the development spectrum with specific prevention programs across and within countries (e.g., nutrition programs, vaccination coverage). Our results can also be mapped for geographical regions within countries (as illustrated in [Fig 2](#pmed.1003054.g002){ref-type="fig"}), to point decision-makers and public health practitioners to more targeted efforts to improve outcomes among populations in at-risk regions \[[@pmed.1003054.ref047],[@pmed.1003054.ref048]\].

Despite the overwhelming evidence of the associations between the core dimensions of human capabilities, few comprehensive measures presently exist to track investments in all 3 dimensions of the HDI jointly. Our illustrative computation of a child-based capability index---a child-based version of the HDI---relates to a handful of parallel initiatives that have focused on summary metrics of health \[[@pmed.1003054.ref049]\], of education and health \[[@pmed.1003054.ref031],[@pmed.1003054.ref050]\], and of children's well-being \[[@pmed.1003054.ref051],[@pmed.1003054.ref052]\] (see [S2 Text](#pmed.1003054.s004){ref-type="supplementary-material"} for additional details). The World Bank, for instance, introduced a Human Capital Index in 2018, which combines indicators of health and education into a measure of the human capital that a child born today can expect to obtain by her 18th birthday \[[@pmed.1003054.ref031]\]. These summary metrics have been suggested as complements in policy analyses rather than replacements of the HDI (one need not be an alternative to the other) \[[@pmed.1003054.ref049]\]. Few recent efforts, however, have been made to expand the measurement to include education, health, and economic growth---and, to our knowledge, none have looked at indicators that are specifically focused on improving child health at the national and subnational level.

Nevertheless, our study presents a number of limitations. First, this is a descriptive study that explores patterns and trends in human capabilities and child health in LMICs but does not aim to determine causality between components of the child-based capability index. Second, we aggregated child outcomes using first- or second-level administrative units that were available in the DHS surveys. In the future, a more granular look at the HDI may improve the resolution of our findings (e.g., at the village level). Our results for the subnational child-based capability index in India, for instance, may mask substantial heterogeneity within states and union territories. Third, nationally representative household surveys are a relatively expensive and infrequent source of detailed population data \[[@pmed.1003054.ref021]\]. Future research efforts are needed to determine whether alternative approaches are feasible to estimate the different components of the child-based capability index more frequently and economically. Machine learning techniques, for instance, have been recently applied to data from mobile phones, social media, and satellites to estimate demographic and socioeconomic indicators, including population densities \[[@pmed.1003054.ref053]\] and household wealth \[[@pmed.1003054.ref054]\]. Fourth, while our approach for the child-based capability index is relatively straightforward to apply by practitioners universally, the types of policy interventions required to improve child health may vary by country and setting.

In conclusion, this study maps patterns and trends in human capabilities and is among the first, to our knowledge, to introduce a child-based capability index at the national and subnational level. Areas of chronic deprivation may indicate within-country poverty traps and require alternative policy approaches to improving child health in low-resource settings. These findings may point decision-makers working towards achieving the Sustainable Development Goals to more targeted efforts to further reduce persistent health disparities.
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Dear Dr. De Neve,

Thank you very much for submitting your manuscript \"A child-based Human Development Index: estimates from a nationally and regionally representative analysis of 1.7 million under-five children\" (PMEDICINE-D-19-02961) for consideration at PLOS Medicine.

Your paper was discussed among the editorial team and sent to independent reviewers, including a statistical reviewer. The reviews are appended at the bottom of this email and any accompanying reviewer attachments can be seen via the link below:

\[LINK\]

In light of these reviews, we will not be able to accept the manuscript for publication in the journal in its current form, but we would like to invite you to submit a revised version that fully addresses the reviewers\' and editors\' comments. You will appreciate that we cannot make a decision about publication until we have seen the revised manuscript and your response, and we expect to seek re-review by one or more of the reviewers.

In revising the manuscript for further consideration, your revisions should address the specific points made by each reviewer and the editors. Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments, the changes you have made in the manuscript, and include either an excerpt of the revised text or the location (eg: page and line number) where each change can be found. Please submit a clean version of the paper as the main article file; a version with changes marked should be uploaded as a marked up manuscript.

In addition, we request that you upload any figures associated with your paper as individual TIF or EPS files with 300dpi resolution at resubmission; please read our figure guidelines for more information on our requirements: <http://journals.plos.org/plosmedicine/s/figures>. While revising your submission, please upload your figure files to the PACE digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <PLOSMedicine@plos.org>.

We hope to receive your revised manuscript by Dec 04 2019 11:59PM. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

We ask every co-author listed on the manuscript to fill in a contributing author statement, making sure to declare all competing interests. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. If new competing interests are declared later in the revision process, this may also hold up the submission. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT. You can see our competing interests policy here: <http://journals.plos.org/plosmedicine/s/competing-interests>.

Please use the following link to submit the revised manuscript:

<https://www.editorialmanager.com/pmedicine/>

Your article can be found in the \"Submissions Needing Revision\" folder.

To enhance the reproducibility of your results, we recommend that you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see <http://journals.plos.org/plosmedicine/s/submission-guidelines#loc-methods>.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

Please let me know if you have any questions. Otherwise, we look forward to receiving your revised manuscript in due course.

Sincerely,

Richard Turner PhD, for Louise Gaynor-Brook, MBBS PhD

Associate Editor, PLOS Medicine

<rturner@plos.org>
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Requests from the editors:

In the data statement, please make that \"Data are \...\". We suggest adding \"\... and all relevant study data are included in the paper\" or similar.

Please restructure your title so that the portion after the colon consists only of the study descriptor, e.g., \"\...: a cross-sectional study\". We suggest: \"Nationally and regionally representative analysis of 1.65 million children aged under 5 years using a child-based human development index: a cross-sectional study\".

Please combine the \"methods\" and \"findings\" subsections of your abstract, and add a new final sentence to the combined subsection to summarize the study\'s main limitations.

After the abstract, we ask you to add a new and accessible \"author summary\" section in non-identical prose. You may find it helpful to consult one or two recent research papers published in PLOS Medicine to get a sense of the preferred style.

Please trim the paragraph at lines 84-96 to briefly convey the aims of your study, removing mentions of your findings (\"we identify \...\") and moving elements of discussion to the discussion section.

Early in the methods section of your main text, please state whether the study had a protocol or prespecified analysis plan, and if so attach the relevant document(s) as a supplementary file (referred to in the methods section). Please highlight analyses that were not prespecified.

We ask you to restructure the first paragraph of your discussion section so that it consists predominantly of a summary of the study\'s findings. Aspects of discussion can appear in subsequent paragraphs.

Throughout the text, please use the past tense consistently to describe analyses, e.g., at line 85 \"\... we used nationally and regionally \...\".

Please substitute 1.65 million for 1.7 million throughout.

Please consider possible stigmatizing interpretations of the term \"hot spots\".

In your reference list, please abbreviate journal names as appropriate.

Please add a completed checklist for the most appropriate reporting guideline, which may be RECORD, as a supplementary file, referred to in your methods section. In the checklist, individual items should be referred to by section (e.g., \"Methods\") and paragraph number rather than by line or page numbers, as the latter generally change in the event of publication.

Comments from the reviewers:

\*\*\* Reviewer \#1:

The paper presents an interesting method of triangulating maternal education and household wealth with a third factor that is health-related, in this case, under-5 child survival. The purposes are to 1) create a new child-based human development index (HDI) at the sub-national (e.g., province) and national levels; and 2) create visual representations in the form of heat maps that show where the highest child mortality is located along regional education and wealth dimensions. The authors provide a sample of countries with data from 2 different decades to show evidence of change (or lack of change) over time using the heat maps.

I think that the greatest value of the author\'s approach is developing an index that operates at the sub-national level, which can inform country policy makers and program implementers of at-risk regions within the country. At the national level, I\'m unconvinced that the child-based HDI will reveal important insights that could not be obtained from ranking or comparing countries using a number of other indices (e.g., the WB\'s Human Capital Index, the SDI, WPS, or others). Can the authors provide evidence of improved sensitivity to inequalities or needs with their index compared to some of the other popular indices (not just the HDI)? In other words, what would motivate a researcher to choose their index at the national level over others?

I have several requests for additional clarification regarding the indices:

1\) Th DHS supplies survey sampling weights to recreate a representative sample of the population. Were these used when calculating the indices? If so, please add this information. If not, shouldn\'t they be?

2\) The authors rely on the DHS sampling frame to select the unit of aggregation for the sub-national index. In some countries, there are as few as 3 regions (e.g., Malawi) and in others, as many as 25 regions (e.g., Peru). Why did the authors not use second level administrative units for the sub-national indices, when available? It seems as though they may have used second level units for some of the heat maps (see below). Why the inconsistency between the admin unit used for the index and the heat maps for a given country (I understand why it might vary by country)?

3\) The authors point out repeatedly that the advantages of their sub-national index over that of Harttgen and Klasen \[13\] are that they don\'t use imputation and that child mortality is more sensitive than life expectancy. While I agree that using actual data over imputation is an advantage, the argument (and the paper) would be stronger if the authors made a direct comparison of the 2 methods and demonstrated their sensitivity advantage.

Regarding the heat maps, more detail is needed to understand how they were created. What software package was used? Was there some kind of smoothing routine? If lower than first level administrative units were used, this should be specified. For example, Malawi has only had 3 regions - or 3 data points for all 3 dimensions. Presumably more than 3 units were used for the heat maps. Is this true?

I also think that the heat maps would be more useful if they were overlaid with geographic regions within countries (i.e., with geospatial hot spot analysis). Take the example of the Philippines, which the authors point out has a persistent hot spot of high child mortality on the wealth and education dimensions. However, we don\'t know if the hot spot is in fact in the same geographic region by looking at the two heat maps. If we assume that it is, the next questions would be - why that region? Is it particularly isolated and difficult to get services to? Is it in an area of political instability and on-going conflict? It would be helpful if the authors went into more detail about how the heat maps would be used by a policy maker or program planner, and they could use the Philippines as an example.

Other comments

1\) I\'m confused as to why the authors write that this paper provides a better understanding of how wealth, education, and under-5 survival are \"co-produced.\" Maybe they mean where these factors are co-produced or co-exist? It would be helpful to me (and perhaps other readers) if the authors could provide some clarification of this concept and/or more of a theoretical background for their intent in applying this term here.

2\) The authors could be more accurate in describing the locations on the heat maps and avoid using household or individual level terms that imply something that they cannot really say about individual households or mothers. Since the maps reflect aggregates of within-country regions, they cannot, for example, tell us about poor households or uneducated mothers within an overall wealthy region. The text might read something like: low survival shifted from regions with more wealthy households to regions with more poor households.

3\) I think that the paper could be tightened by cutting at least one of the long lists of countries, the additional list of administrative units, and avoiding repetition about the details of \[13\] that uses imputation. This would leave room in the introduction to explaining how the paper supports \"co-production\" of the 3 human capital components and in the discussion for how the heat maps can be used by policy-makers.

4\) In the methods, page 5, the description of the survival indicator needs re-organization. I would recommend moving the information on page 6 about birth history earlier and rephrasing the sentence: \"...create a binary variable indicating whether the child was alive or not...\" Which child? The wording is confusing without understanding the source of the child information. Also, please add the information about which women are eligible to be interviewed about their birth history in the DHS (i.e., their age).

5\) In the analysis section, top of page 9 - second sentence, did the authors mean to write \"administrative unit\" in the parentheses - not \"household\"?

6\) In the analysis section, how were household wealth and maternal education assigned to individual children before aggregating? Presumably, the same household wealth indicator was assigned to all children in the household, and the maternal education to all children from her birth history record?

7\) The authors went to a great deal of effort to run a number of important sensitivity analyses. I was interested in knowing more about what they learned from these. What can be learned from the fact that the results were relatively insensitive to a wide range of specifications?

8\) Figure 1 - Notes - The description of the x and y components is reversed - wealth and education, not education and wealth.

9\) In the discussion, the authors present possible explanations for the surprising results from Egypt and Peru. Did they consider stratifying the child survival data by the sex of the child to examine if this finding applied equally to boy and girl children?

10\) I think the authors might note that their sub-national index still masks within administrative unit variation. States in India are as big as some countries with significant within state variation.

\*\*\* Reviewer \#2 (statistical reviewer):

This is a useful and well-conducted study on the development of a child-based Human Development Index (HDI). The study design, datasets, and statistical methods and analyses are mostly adequate and of a good standard. The development of the HDI formula is relatively simple and straightforward although it\'s a bit debatable to use only maternal education as the education indicator. The authors claimed that the proposed HDI provides more detailed heterogeneity in child health within and across countries over time, which seems fine. However, there are still a few issues needing attention.

1\) The heatmap is a bit difficult to read and follow. The usability, visualisation and interpretation is very important for an index to be accepted and widely used. An online tool / interactive website for the proposed HDI with all instructions and explanations would be useful to showcase and promote the index.

2\) Some form of validation of the index would be helpful. How do we know the proposed index placed among other similar/available HDIs? similarities and differences? A side by side comparison with other indices would be very helpful. Also, although there are 55 countries, can authors please take one country out to comprehensively illustrate and explain the usefulness of the index?

3\) Overall, the discussion is a bit too brief. Need to be more comprehensive and critical.

\*\*\* Reviewer \#3:

The topic of this paper is interesting. The paper was written well. However, I did not find important implications of the proposed method. First, it requires individual data that not every country can have for every year. Second, how to measure household wealth to be comparable between urban and rural, across regions of a country and among country is challenging. The current method used based on ownership of household assets and quality of the dwelling is controversy. Third, that health is based on only one indicator might not be sensitive enough to detect small differences among countries.

\*\*\*
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Dear Dr. De Neve,

Thank you very much for re-submitting your manuscript \"Nationally and regionally representative analysis of 1.66 million children aged under 5 years using a child-based human development index: a cross-sectional study\" (PMEDICINE-D-19-02961R1) for review by PLOS Medicine.

I have discussed the paper with my colleagues and the academic editor and it was also seen again by two reviewers. I am pleased to say that provided the remaining editorial and production issues are dealt with we are planning to accept the paper for publication in the journal.

The remaining issues that need to be addressed are listed at the end of this email. Any accompanying reviewer attachments can be seen via the link below. Please take these into account before resubmitting your manuscript:

\[LINK\]

Our publications team (<plosmedicine@plos.org>) will be in touch shortly about the production requirements for your paper, and the link and deadline for resubmission. DO NOT RESUBMIT BEFORE YOU\'VE RECEIVED THE PRODUCTION REQUIREMENTS.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

In revising the manuscript for further consideration here, please ensure you address the specific points made by each reviewer and the editors. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments and the changes you have made in the manuscript. Please submit a clean version of the paper as the main article file. A version with changes marked must also be uploaded as a marked up manuscript file.

Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. If you haven\'t already, we ask that you provide a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract.

We expect to receive your revised manuscript within 1 week. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

We ask every co-author listed on the manuscript to fill in a contributing author statement. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

If you have any questions in the meantime, please contact me or the journal staff on <plosmedicine@plos.org>.

We look forward to receiving the revised manuscript by Jan 30 2020 11:59PM.

Sincerely,

Louise Gaynor-Brook, MBBS PhD

Associate Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)
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Requests from Editors:

General comments:

Please round the total number of 1,657,272 children down to 1.65 million in your title and Author Summary. Please use the accurate total number of 1,657,272 children throughout the main text.

Please remove spaces between refs in square brackets where more than one are cited.

Please revise your title to \"Nationally and regionally representative analysis of 1.65 million children aged under 5 years using a child-based human development index: a multi-country cross-sectional study\". Apologies for another minor revision to your title.

Abstract Background - please define what is meant by 'human capabilities'

Abstract Methods and Findings: Please make clear the range of scores that can be generated by the child-based HDI; whether these are normalised

Abstract Conclusions - Line 45: Please add 'to our knowledge' or similar to avoid assertions of primacy

Author Summary: Please remove border from Author Summary.

Please revise the first two bullet points of 'Why was this study done?' to use non-identical language to your abstract/introduction.

In the first bullet point of 'What did the researchers do and find?', please revise to '1.65 million children under five years of age'

In the first bullet point of 'What do these findings mean?', please clarify what is meant by 'child capabilities'

In the second bullet point of the same, please revise to 'These findings may point decision-makers'

Please revise 'persistent health disparities toward the Sustainable Development Goals.'

In the final bullet point of 'What do these findings mean?', please describe the main limitations of your study.

Introduction

Please indicate in your Introduction whether your study is novel and how you determined that.

Line 64 - please revise to 'was initially calculated'

Please remove the study results and/or conclusion from the Introduction, and conclude the Introduction with a clear description of the study question or hypothesis.

Line 90 - please remove sentence beginning 'We show heat maps of health...';

Line 94 - please remove sentence beginning 'Our approach to compute...' (more appropriate for Discussion)

Methods

Thank you for providing a completed RECORD statement. Please add the following statement, or similar, early in the Methods section: \"This study is reported as per the REporting of studies Conducted using Observational Routinely-collected Data (RECORD) guideline (S1 Checklist).\"

Please refer to your prospective protocol / analysis plan early in the Methods section. Please indicate whether any changes (including those made in response to peer review comments) were made to the plan, with rationale.

Please clarify how data on 'all children born in the past ten years' relates to children under five years of age, as is the focus of your study.

Results

Line 268 - please include that results in Figure 1 are only displayed for selected countries

Line 270 - please consider an alternative term for 'depth' (of under-five survival)

Line 278 - please revise to 'on average'

Discussion

Line 350 - Sentence beginning 'In Colombia, Egypt, and Nigeria...' does not seem to naturally follow on from previous sentence, outlining that improvements over time do not occur in all countries. Please clarify.

Line 388 - please remove 'also'

Line 415 - please begin your one-paragraph conclusion with 'In conclusion'. Please add 'to our knowledge' or similar to avoid assertions of primacy.

Line 218 - please revise to 'These findings may point decision-makers\...'

Text S3 - where p values are given, please specify the statistical test used

Comments from Reviewers:

Reviewer \#1: The authors responded very well to previous comments and this paper has much improved as a result of their additional efforts. I only have two minor remaining comments:

The last paragraph in the introduction needs some re-working to clarify the aims and how the gap discussed in the first 2 paragraphs are meant to be filled. For example, it is never explicitly stated that the authors aimed to create an index in this paragraph to address issues with the existing indices. The sentence: \"Second, we used under-five mortality, household wealth, and maternal educational attainment at the sub-national level as our measures of health, wealth, and education, respectively\" leaves us hanging - they used these measures to do what?

The word \"data\" is plural. Sentences with the clause \"...survey data was available...\" should be \"...survey data were available...\"

Reviewer \#2: Thanks authors for their great effort to improve the manuscript. I am mostly satisfied with the response and revision. However, for my 2nd point on validation and comparison with other existing indices, the response was satisfactory but didn\'t appear in the main text of the paper. The validation and comparison is a vital part of the paper so it should be mentioned and explained explicitly in the results section in the main paper. I can see this was explained in details in supplementary information Text S3 but it should appear or be mentioned in the main paper, as least briefly.

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1003054.r004

Author response to Decision Letter 1

5 Feb 2020

###### 

Submitted filename: HDI Response 30 Jan 2020.docx

###### 

Click here for additional data file.
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10 Feb 2020

Dear Dr De Neve,

On behalf of my colleagues and the academic editor, Dr. Margaret Kruk, I am delighted to inform you that your manuscript entitled \"Nationally and regionally representative analysis of 1.65 million children aged under 5 years using a child-based human development index: a multi-country cross-sectional study\" (PMEDICINE-D-19-02961R2) has been accepted for publication in PLOS Medicine.

PRODUCTION PROCESS

Before publication you will see the copyedited word document (in around 1-2 weeks from now) and a PDF galley proof shortly after that. The copyeditor will be in touch shortly before sending you the copyedited Word document. We will make some revisions at the copyediting stage to conform to our general style, and for clarification. When you receive this version you should check and revise it very carefully, including figures, tables, references, and supporting information, because corrections at the next stage (proofs) will be strictly limited to (1) errors in author names or affiliations, (2) errors of scientific fact that would cause misunderstandings to readers, and (3) printer\'s (introduced) errors.

If you are likely to be away when either this document or the proof is sent, please ensure we have contact information of a second person, as we will need you to respond quickly at each point.

PRESS

A selection of our articles each week are press released by the journal. You will be contacted nearer the time if we are press releasing your article in order to approve the content and check the contact information for journalists is correct. If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact.

PROFILE INFORMATION

Now that your manuscript has been accepted, please log into EM and update your profile. Go to <https://www.editorialmanager.com/pmedicine>, log in, and click on the \"Update My Information\" link at the top of the page. Please update your user information to ensure an efficient production and billing process.

Thank you again for submitting the manuscript to PLOS Medicine. We look forward to publishing it.

Best wishes,

Louise Gaynor-Brook, MBBS PhD

Associate Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)
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